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Abstract 
Two question-answerino computer programs, which 
organize and represent temporal knowledge from English 
sentences, are examineo. 
Kenneth Kahn•s claim, that his TTME SP8CIALIST does 
1 
not represent subjective time, is questioned because the 
TI~E SPE:TALIST represents relationships between "now" 
and other events in time. In addition, the TIME 
SPECIALIST is found to ambiguously represent some events 
because it categorizes every event as either "BEGINNING-
OF", "END•DF" or "ALL•OF". Ambiquities are also Possible 
when the duration of an event approaches or exceeds the 
ti~e between tllat event and its reference event, as in 
the example 
The Renaissance was yesterday. 
In an attempt to eliminate, from the TIME SPECIALIST, 
a~blguities of these two types--a fourth event type, such 
as "SOME•OF" is added. This, and havino the TIME 
SPf.:IALIST request more specific information about an 
event, such as "the Renaissance", when it appears in a 
~~-------~--~--
1 
[Kahn 77), p. 89. 
1 
sentence such as the one above, work well together to 
avert such ambiguities. 
2 
Bertram c. Bruce's CHRONOS Js a question-answering 
computer program with goals similar to those of the TIME 
SPECI~LIST but which is based upon a mathematical model 
of verb 
CHRONOS 
tenses and binary time segment relations. 
is found to be able to represent fine 
distinctions in temporal meaning between similar Enqllsh 
sentences because the mathematical model upon which it is 
based is sensitive to subjective time as expressed by 
verb tenses. How CHRONOS does or would handle adverbs 
and temporal prepositions and conjunctions is speculated 
on the basis of CHRONOS' PUblished features. CHRONOS' 
ability to represent nonspecific reference times is 
examined in contrast to the TIMF. SPECIALIST's lack of 
that ability. Parallels are drawn between the 
mathematical model upon which CHRONOS is based, and 
temporal knowledge expressed in English, which Rruce 
claims evolveri through natural selection. 
Representation of sentences which are grammaticallY 
less•thah•ideal is examined. It is found to be most 
---~~-------~-~ 
2 
£Bruce 721 
2 
1 
efficient to represent only that temporal knowledge which 
is cleat despite less-than-ideal grammar. 
CHRONOS is judged to have a greater potential than 
the TIME: SPECIALIST to provide complete representations 
of temporal· knowledge from English sentences. 
3 
1. Ba~kqround 
Temporal knowledge exists ln everv English sentence. 
Anv means of representing knowledqe from Enqlish 
sentences must, therefore, be capable· of representing 
temporal knowledge. 
Some question-answering computer proqrams, and other 
kinds of computer programs, must represent knowledge from 
English sentences. Nevertheless, little has heen 
published suggesting ways to represent the temporal 
aspects of that knowledge. Bertram c. Bruce and Kenneth 
M. Kahn are, possibly, the only two authors who have 
developed computer programs to deal with temporal 
knowledge expressed in EngliSh sentences and who have 
published articles about such work. 
How Bruce and Kahn represent temporal knowledge from 
English sentences Is described and criticized below. 
1.1 Kahn~s TIME SPECIALIST 
Kahn's computer rroqram is called the TIME 
SPECI~LIST. The TIME SPECIALIST neither accepts English 
sentences as input nor returns Enql!sh sentences as 
output. Knowledge is communicated into and out of the 
TIME SPECI~LIST in "a lanquage determined by the TIME 
4 
3 
SPECIALIST." This is acceptable because the TIME 
SPECIALIST is not a question•answerinq computer program 
in and of itself. Rather, it is a module which is meant 
to be used by a larger module or computer program. The 
responsibility for English input/output is, therefore, 
left to the larger entity. 
Kahn cl~ims that his TIME SPECIALIST is unconcerned 
with subjective time and, therefore, also the temporal 
4 
knowledge expressed by the tenses of verbs. Never the• 
less, the TIME SPECinLtST contains a "clock" which 
represents "now". Because relating "now" or the 
"present" to events in time is the function of verb 
tenses--its "clock" implies a concern with "subjective 
time" on the part of the TIMR SPECIALIST. This is an 
apparent contradiction. Kahn may arque that "now" is the 
same as any other event which takes place in time and 
that in order to place "no~" in time relative to other 
events, a clock is a useful tool. The TIME SPECIALIST's 
function is just that--to orqanize events and their 
-~---~~---~----
3 
(Kahn 771, p. sa. 
4 
[Kahn 771, p. B9. 
5 
relationships to one another, in time. ConsequentlY--
this indifference toward the importance of "now", as 
co~pared to other events, is a somewhat compelling 
disclaimer of the TIME SPECIALIST's being concerned with 
subjective time. However, whether or not Kahn calls it 
"subjective time"--the TIME SPECIALIST uses a "clock" to 
compare "now" to the times of other events, which is 
exactly the comparison to express which verb tenses in 
English are used. 
Whether subjective, objective or both--the TIME 
SPECIALIST organizes events by "dates", by "special 
reference events" and by "before/after chains". These 
organization types--and the way in which they are used in 
updating a data base to facilitate inferences, which are 
required to answer questions--dictated the form of 
knowledge representation used inside the TIME SPECIALIST. 
This representation is based upon a Production 
grammar whose start symbol is "time-expression". 
"Time-expression" occurs on the left side 
productions: 
and 
time-expression ==> 
<<relation><reference-event><amount>) 
6 
of two 
5 
time-expression ==> <date-expression>. 
In the language described by the TIME SPECIALisT•s 
production grammar--one way to represent 
is 
6 
Three weeks ago John had a cold 
CTIME•Of (ALL•OF COLD) 
(BEFORE (ALL•OF TnDAY) 
(BY•AMOUNT (WEEKS 3)( ••• 
One way to represent 
John was born June 6, 1966 
is 
__________ ...... ___ 
5 
[Kahn 75] , pp. 4R•49. 
6 
[Kahn 75) , p. 47. 
7 
[Kahn 75] , p. ss. 
7 
7 
(TIME•OF (BEGINNING-OF (JOHN•s LIFE)) 
9 
(DATE (1966 6 6)(rUZZ NIL))). 
Examples such as these and their representations are 
analyzed below. 
1,2 Bruce's CHRONOS 
Bruce's computer program is called CHRONOs. CHRONOS 
is actuallY based upon Bruce•s model of temporal 
references in English sentences. 
The model is intended to 
meaning of such natural 
tense, time relations, 
9 
the time of events. 
represent the intuitive 
languaqe features as 
and other references to 
Bruce's model provides a formal representation scheme tor 
te~poral· knowledge from English sentences. The 
mathematical model is based upon notions of the way that 
time is expressed in English. Therefore, the model (and, 
therefore, also CHRONOS) take(s) advantage of the 
efficiency of natural language: efficiency which, 
---------~-----
a 
[Kahn 75], p. 49. 
9 
[Aruce 721, p. 1. 
B 
according to Bruce, is the result of linguistic evolution 
to 
throuqh natural selection. 
CHRONOS can represent sentences s"ch as 
Three weeks ago John had a cold. 
However--whereas the TIME SPECIALisT•s basic ability lies 
in being ahle to represent the temporal knowledge 
expressed by "three weeks ago", CHRONns first analyzes 
"had" to determine the time relationshiP between "now" 
and "John•s cold" and then seeks to quantify that 
relationshiP. In other words, CHRONOS is set up to 
extract temporal knowledge from 
John had a cold 
whereas the TIME SPECIAI.IST is not too interested in the 
temporal knowledge in such a sentence. 
CHRONOS would represent 
John had a cold 
as 
____ .. _________ _ 
10 
[Bruce 721, p.13. 
9 
time of speech A 
where "A" signifies "after". "Had", whlch is the simple 
past tense form of "to have", appears in the above 
example. Consequently, CHRONos• model infers th~t the 
~time of speech" Cor, more simply, "now") occurs "after" 
John•s "having" the cold. 
1.3 The· TIME SPECIALIST Versus CHRONOS 
The examples above illustrate how the TIME 
SPECIALIST and CHRONOS each take a unique approach toward 
the task of representing temporal knowledge from Enqlish 
sentences. The two approaches, and their comparative 
advantages, are analyzed below. 
10 
2. Representfnq •Three weeks a9o John had a cold." 
2.1 Representation by Kahn•s TIME SPECIALIST 
11 
Three weeks ago John had a col~. 
Internally representing this sentence•s meaning, 
especially with respect to time, in a question answering 
progra~ involves more than just Placinq a marker on a 
dateline. Internal representation of Enqllsh sentences 
involves, first, determination of the meaning_of the 
sentence and, second, choice of a representation which 
can completely, yet distinctly, store that meaning with 
consistence and efficiency. 
The first step could encompass the entire task of 
natural language processing. However, temPoral knowledge 
is being singled out here. Therefore, onlY those aspects 
of natural language understandinq which relate to time 
shall be considered. Verbs and their modifiers usually 
convey the temporal aspects of the meaning in English 
sentences. Specifically--verb tenses, adverbs, adverbial 
phrases, prepositions and prepositional phrases express 
-----~-~--~-~--
1 1 
[Kahn 751, p. 47. 
1 1 
time. 
Two separate words in 
Three weeks ago John had a cold 
each indicate that the time under consideration is in the 
past. The word "had" is the simple past tense form of 
the verb "to have". ThiS tense lndlcates the direction 
in time from the time point "now" in which one must 
travel in order to reach the event under scrutiny. 
However, the tense of tt)e verb does not provide 
suff-icient information for quantification of the distance 
in time one must travel in that direction to reach the 
event. Further observation reveals that the adverb "ago" 
occurs in the above example. The adverh "ago" is "used 
to indicate time measured back to a point in the past, 
[lsl always placed after the word or words it modifies 
12 
[and isl used with the simple past tense." The word or 
!'lords "ago" modifies contain(s) information which 
quantifies the distance in time between "now" and a past 
event. Therefore, in 
--------------... --
12 
£Hornby 631, p. 21. 
1 2 
Three weeks ago John had a cold, 
the information which quantifies the distance in time 
between "now" and the event should occur just before the 
word "ago". "Weeks" directlY preceeds "ago" and there is 
no noun or noun Phrase, preceeding "three" which "three" 
could modify (as in "I saw those three weeks ago">. 
Therefore, "three" must modifY "weeks" and the time in 
question must be three weeks in time before now. 
If the above analysis of. the stated example provided 
sufficient temporal knowledge of the meaning of 
Three weeks ago John had a cold 
to continue on to step 2, the choice of an internal 
representation--then step 1 would be straightforward, if 
not trivial. However humans make m~nv context-related 
and other kinds of assumptions when creating a sentence. 
Although the effect of inter-sentence, context-based 
assu~ptions on the meanings of sentences is beyond the 
scope of the task being considered--the effects of 
intra-sentence, context-based assumptions, other kinds of 
assumptions and the resultant isolated inaccuracies, 
Imprecision and ambiguities warrant consideration. 
In the above example, the precision and accuracy of 
1 3 
the quantity "three weeksM is affected hy human 
convention as well as by the type or cl~ss of event under 
consideration. In 
Three weeks ago John had a cold, 
the event is "John's having a cold". As an event, a cold 
has a duration. However, the sentence does not 
explicitly state that all of John's cold took place 
"three weeks ago". The sentence merely states that at a 
specified time, "John had a cold". 
Even though it seems obvious that "having a cold" at 
a certain time says nothing about the duration of the 
cold, i. e. its beqlnn!ng, its end an~ all that came in 
between--the author of the example 
Three weeks ago John had a cold 
represents the sentence, in the lanquage of his TIM~ 
SPECIALIST, as 
(TIME-OF (ALL•OF COLD) 
(BEFORE (ALL•OF TODAY) 
13 
(BY•AMOUNT (WEEKS 3)( • • • 
~-------~---~-
13 
[Kahn 751, p. so. 
14 
The apparent misinterpretation here is expressed by the 
"ALL-OF" before "COLD". There are only two alternatives 
to "~LL•OF" in the language ot the TlM~ SPECIALIST. They 
are "BEGINNING-OF" and "END•OF". The author of the TIM8 
14 
SPECIALIST and its lanquage notes that "the 'ALt-or• 
marker is simply used to easily determine the type of an 
15 
event, and could easilY be deleted." Kahn seems to 
imply that "ALL-OF" is a kind of default v~lue. However, 
"ALL-OF" seems a poor choice for this purpose unless some 
other type of event, such as "SOME-OF", "PART-DF" or 
"SOME- OR ALL-OF" were also available as an alternative 
to "BEGINNING-OF", "END•OF" and "ALL•OF" (default). 
The example under consideration requires such an 
alternative because the perceived duration of a cold is 
of the same maanitude as the quantity of time between now 
and the event. Saying that the time of all of a cold was 
three weeks aqo is much less clear in meaninq than saving 
that all of Christ•s lite was two millenia ago. The 
latter example could be represented, in the language of 
----.------------
14 
He is also the author ot the above example and the 
given representation thereof. 
15 
(Kahn 75], p. 49. 
1 5 
the TIME SP~CIALIST, as 
(TI~E-OF (ALL•OF LIFE) 
(BEFOR~ (ALL•OF TODAY) 
CBY•AMOUNT (MILL~NIA 2)( ••• 
without ambiguity because two 
16 
millenia is a 
sufficiently long time interval when compared with the 
perceived lifetime of a human. 
It is assumed that the first example was represented 
as it was because the lanquage of the TIME SPECIALIST 
does not provide "SOME- DR ALL-OF" or a similar 
alternative to the "ALL-OF" <event-type>. However, if 
the meaning of a sentence like 
Three weeks ago John had a cold 
is to be represented in a particular lanquaae, then 
____ ... _____ .. ___ _ 
16 
The entire amount of two millenia should be 
considered, not just the <time-unit>, m1llen1um. After 
all, "two millenia" could have just as easilY been 
expressed as "two thousand years" in which case the 
<time-unit>, year, would have been compared to a human 
lifetime resulting Jn the conclusion that there is too 
much ambiguity for the sentence to he meaningful. The 
TI~E SPECIALIST has a "translator" which mixes and 
matches <t1me-express1on>s expressed in different 
<time•unit>s. 
16 
sufficient means for accurate representation should be 
provided by that languAge. 
Adding the <event•type> "ALL• nR SOM~·OF" to the 
TIME SPECIALIST may not be an adequate remedy to the 
deficiency discovered above, however. The representation 
(T!ME•OF (ALL- OR SOME-OF COLO) 
(BEFORE (ALL•OF TODAY) 
(RY•AMOUNT (WEEKS 3)( ••• 
may accurately represent the meaninq of the example 
sentence. However, !f a user were to ask the TIME 
SPEC I Af.~IST 
then 
All or some of the cold was three weeks aqo 
would be the most precise possible answPr, hased on the 
above representation. 
If the internal representation were the oriqlnal 
(TIME•OF (ALL•OF COLD) 
( BF.FORE ( 1\J,L•OF' TODAY) 
(fW•IHIOlH~T ( WEEJ<S 3) ( 
then the reply would probablY be either 
t 7 
. . . , 
The cold was three weeks ago 
or 
~11 of the cold was three weeks ~qo. 
"The col~ ••• " assumes "ALL•DF" is a default value and is 
accurately unspecific. "All of the cold •••" gives all 
of the information which it finds in the representation, 
some of which is inaccurate. "All or some of the cold 
••• " qiv~s more accurate information than the other two 
replies do but is no more precise than the other two. 
Rather than adding an alternative event type to the 
language of the riME SPECIALIST, addinq a checking 
mechanism may be more effective. Upon encountering 
('t'I ME• OF' ( AIJJ.,•OF COl,D) 
(REFORE (ALL-0~ TODAY) 
(BY-AMOUNT (WEEKS 3)( ••• 1 
the TIME SPECIALIST would ask the user 
Average duration of a cold? 
It the user's reply were an amount of time of the same 
17 
magnitude as the "BY•AMOUNT" <interval> , then the TIME 
-----------------
17 
interval ==> C<t1me•un1t><number>> (see [Kahn 751, 
p. 50). 
SPECI~LIST would ask the user to be more specific about 
the event Which occurred at the specified time. There 
are also sentences where the duration of an event is of 
an even larger magnitude than that of the "RY•AMOUNT" 
<interval>, such as 
18 
The Renaissance was yesterday. 
The user would be asked to be more specific about the 
event in this example too. In other words, the user 
~ould be asked to specifY an event whose duration was of 
considerablY smaller magnitude than that of. the 
"BY·A~OUNT" <interval>. The most obvious response the 
user could make would be to break the event into smaller 
sub-events and specifY to the TIME SPECIALIST the 
particular sub-event which takes place at the specified 
time. 
Por manv examples, this checklnq mechanism 
-----~---~--~--
18 
In this more exaqerated example of an event's 
duration overshaddowlnq the "AY•AMOUNT" <interval>, the 
proble~ is evident without promptinq. Most human 
listeners or readers, upon encounterin~ such a sentence, 
would probably ask for more information. A computer 
program, Which attempts to precisely represent the 
te~poral knowledge contained in such a sentence, should 
ask for nore information too. 
19 
eliminates the deficiency of the TIME ~PECIALIST which 
was found above. However--if the user neither can nor 
wants to be more specific, then the interaction between 
the user and the checking mechanism becomes deadlocked. 
For this reason--the best solution may be to combine a 
checking mechanism with a new <event type>, such as 
"S3~E-OF" or "PART-OF". Upon being asked by the checking 
mechanism to be more specific, the user could reply using 
this new nonspecific <event type>. This is as useful a 
reply as a sub-event is because the use of "SOME•OF" or 
"PART-OF", in this example, creates a much clearer 
representation than the use of the default <event type>, 
"ALL•OF", does. 
This alternate solution to the deficiency of the 
TI~E SPE:IALIST, found above, would remedy ambiguities 
like those discussed above--hopefully, without resembling 
the kind of pest who is always asking about insignificant 
details while a story is being told. At implementation, 
a decision would have to be made about whether to solve 
this particular deficiency ot the l~nauage of the TIME 
SPE:IALIST, outlined above, by expanding the language of 
the TI4E SPECIALIST, bY making the TIME SPECIALIST more 
attentive to and inquisitive about this particular detail 
of temporal knowledge or both. 
20 
Requesting more information could he used success-
fully to resolve many ambiguities which occur in natural 
language input to a question-answering proqra1n, in order 
to make internal representation easier. Of course, such 
a solution assumes that information is input inter-
actively so that a kno~ledgeahle user is available to 
answer the proqram•s questions. The program should check 
for ambiguities in information as soon after it is input 
as possible so that clarification may be requested of the 
user while he is still at the terminal. 
2.2 Representation by CHRONOS, Utilizing Verb Tense 
Bertram c. Bruce created the CHRONOS question• 
answering program to deal with temporal knowledge 
expressed in English sentences. CHRONOS maintains a 
clock to represent the time "now". The time of speech in 
an English sentence is always considered by CHRONOS as 
the first reference time. 
Kahn, on the other hand, claims to have "made no 
attempt to have [his TIM~ SPECIALIST] deal With what is 
1q 
com~onlY called subjective time." However, even in 
----.. ---... ------
19 
[Kahn 771, p. 89. 
21 
Kahn•s example, 
Three weeks ago John had a cold, 
subjective time must be "dealt with". "Now" is expressed 
as 
in the example•s representation in the language of Kahn's 
TI~E SPECIALIST. And the occurrence of 
(8EfDR8 (ALL•OF TODAY) 
in the representation certainlY refers to a time in the 
past. Kahn admits that the ·rntE SPECIALIST's 
"translator" needs to have something of the form 
(TIME•OF CALL•OP TODAY)(DATE (1975 6 22)(FUZZ 
NIL))) 
20 
in its data base. The above specification is obviously 
a clock, a tool to "deal with subjective time". The 
language of the TIME SPECIAT.IST has the capability of 
representing the English sentence, 
-----------------
20 
(Kahn 75J, p. 59. 
?.2 
John had a cold, 
as, for example, 
(TIME•Of (ALL•OF COLD) 
(BEFORE (ALL•OF TODAY))). 
Subjective time is the onlY reference time used ln this 
simple example. In the above English sentence, the tense 
of the verb is the only indication of the time of the 
event. Verb tense is the onlv temporal indicator which 
can occur alone in an English sentence, as it does above. 
This is because every English sentence must have a verb 
with a tense. Other temporal indicators (e. g. adverbs, 
prepositions and their phrases) are not required to occur 
in every sentence. Kann•s TI~E SPECIALIST depends on 
these other forms, ostensiblY "not investigating 
21 
[questions] concerning the role of tense." However, 
realistically--tense is the most basic temporal indicator 
in English because at least one occurs in every Enqlish 
sentence. In other words, every English sentence refers 
to at least time of speech and one other time. This is 
logical and efficient because the one time that a speaker 
--------~------
21 
[Kahn 75), p. 36. 
23 
and his listener have in common ann both know is the time 
of speech. Time of speech is, therefore, the only 
automatic common reference in time between speaker and 
listener and, hence, the time relations expressed by 
natural language tenses are, loqically, also the most 
efficient avallable to any representation system used to 
express information found in English sentences. Bertram 
c. f3ruce, author of the CHRONOS proqram which utilizes a 
logical model of English tenses, observes that "natural 
selection seems to preserve those linguistic forms which 
22 
have the least cost for the greatest value." 
CHRONOS would take the example 
John had a cold 
and assign it the relation "A". "A" denotes "after", 
meaning that the time of speech is "after" the time of 
the event. 
Three ~eeks aqo John had a coln 
should be assigned "AS", denoting "after, same-time" 
because the time of speech is "after" the reference time, 
______ ... _____ ... __ 
[Bruce '721, p. 13. 
24 
three weeks ago, Which is the "same-time" as John•s cold. 
CHRONOS asslqns this ·particular "A" hecause "had" is the 
past tense of "have". CHRONOS should assign the "S" 
which follows because "ago" indicates a third time to 
which the sentence refers••a tirne which is the 
"same•ti~e" as the time of the event. 
In "A Model for Temporal Reference and its 
23 
~pplicatlon in a Question Answering Program", Bruce 
clearly outlines how CHRONOS ''is able to se 1 ect 
predicates (verbs) and arguments (nouns) from 
24 
sentences'' and how CHRONOS represents a tense as "a 
list of time relations given by auxiliary verbs and the 
25 
forn of the main verb." What the article does not 
explain is if and, if so, how CHRONOS deals with adverbs 
and prepositions. For examPle, no indication is made as 
to the legality of 
(THREE WEEKS AGO JOHN HAD A COLD) 
-----------------... 
23 
[Bruce 721. 
24 
[Bruce 721, p. 14. 
25 
[Bruce 721, p. 17. 
as a valid input in the stvlizert form of English which 
CHRONOS accepts. Other examples in the article, such as 
(JOE HAO ARRIV~D AT THREE), 
suggest that some prepositions--specificallY AT, BEFORE, 
WHILE, DURING, AFTER, BY anrt FROM( •• TO •• )-·are accepted. 
However--the same words usert as adverbs, as well as other 
adverbs such as "ago", are not used as input in the 
examples. 
A user could get around this by, for example, 
substituting 
Three weeks before now John had a cold 
for the above example. However "ago" is so prevalent an 
English adverb that CHRONOS should translate lt to 
"before now" if the verb "ago" is not already included in 
CHRDNOS' "stylized form of Enqlish" input specifications. 
Also--consider the example, 
Three weeks before, John had a cold. 
The comma here is crucial and if encountered after this 
adverbial occurrence of "before", "before<comma>" (and 
also "betore<per!od>", "before<question•mark>", 
"before<semi•colon>", etc.) should atttomaticallV be 
26 
translated to the prepositional phrase, "before a 
reference time which is before now". 
After translating "ago" or "before<punctuation>" to 
"before now" or "before a reference time which is before 
now", respectively--CHRONDS is assumed to regard the 
"before"(s) in these phrases as (an) indication(s) of the 
binary time relation "before", the opposite of which is 
"after". In other words, CHRDNOS should consider 
Three weeks before now John had a cold 
to imply that 
Three weeks after John's cold is now. 
More sinpty stated, 
John's cold is before now 
implies that 
Now is after John's cold. 
Setting up such binary relations, in those above examples 
where "ago" and "before" are still in adverbial form, Is 
impossible because only one point in time occurs in each 
such sentence. Introducing "now" (and, in 
"before<punctuation>" examples, reference time), 
27 
changes the role of "before" to that of a preposition and 
provides the necessary second (and third) time polnt(s) 
for the binary relatlon(s). 
CHRONOS and the TIME SPECIALIST make use of "now" 
and "~LL-OF•TODAY", respectively, in expressing "aqo". 
Therefore, both are capable of expressing the temporal 
meaning of "ago". However, the temporal meaning of 
"before<punctuatlon>" is representable in CHRONOS but not 
in the TI~E SPECIALIST. Because the TIME SPECIALIST 
makes no provision for nonspecific "reference times" as 
required by occurrences of, for example, 
"before<punctu~tlon>"-·lt cannot represent examples such 
as 
fhree ~eeks before, John had a cold. 
CHRONOS••because it provides for reference times, to 
which the nouns and noun phrases of a sentence do not 
directly refer but which are requJred to represent 
perfect tenses accordlnq to CHRONos• tense model--could 
also represent examples, such as the one above, which 
need such nonspecific reference times for reasons other 
than the occurrence of a perfect tense. 
The TIM~ SPECIALIST could easilY be modified to 
represent the kinds of reference times which are 
28 
described above. For example, addinq the production, 
reference-event ==> NONSPECIFIC REFERRNCE, 
to the grammar of the language of the TIME SPECIALIST is 
sufficient to resolve the deficiency discussed above. If 
such modifications are not made, the TIME SPECIALIST may 
still be capable of representing sentences which express 
nonspecific reference times by ignorinq those reference 
tines or by using contextual information to match 
nonspecific reference times with simult~neous events. As 
indicated by its name, the "ignore" solution merely 
systematizes "ignorance" into the TIM8 SPECIALIST. 
Relying on context to mAtch reference times with 
simultaneous events adds lntelliqence to the TIME 
SPECIALIST but does so expensively. Modification of the 
program to represent nonspecific reference times is, 
therefore, the most natural solution. Because it is 
natural, it is not surprising that the ability to 
represent nonspecific reference times already exists in 
CHRONDS. In creating CHRONDS--Bruce went out of his way 
to model English in a ~ay as consistent, with the natural 
aspects of the language (e.q. verb tense), as possible. 
?.9 
3. Tense Cbmbinations in Complex· Sentences 
Bruce's example, 
26 
(JOHN HAD ARRIVED BEFORE MARY LEFT) 
contains enough events so that "BEFORE" in the sentence 
could conceivablY represent the binary time relation 
"before". In this example·-"before" is used as a 
conjunction, to subordinate a depenrlent clause to an 
independent clause, and seems to parallel the binary time 
relation bearing the same name. The meaninq of the 
example does not change when the example is changed to 
Mary lett after John had arrived. 
Aruce points out 
that CHRDNOS cannot deal with compound sentences 
which are constructed by usinq "or", "and", 
27 
"not", "implies" and other logical connectives. 
However, perhaps CHRONOS can deal with comPlex sentences 
---------------
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30 
in which dependent clauses are subordinated to 
independent clauses with "before", "when", "after", 
"during" and other temporal con1unctions. That 
corresponding binary time-segment relations are already 
defined within CHRONOS malces· this likely. Rruce adds 
that expanding CHRONOS to deal with compound sentences, 
whose independent clauses are connected with logical 
connectives, "should not be difficult (because lt hasl 
28 
been implemented elsewhere." If necessary, it should 
also be simple to expand CHRONOS to deal with complex 
sentences connected with temporal conjunctions, again, 
because CHRDNOS already contains definitions of binary 
time-segment relations. "Before" and "after", for 
example, are explicit. However, "when" and "while", for 
example, require transl~tion into specified binary 
relations. r.ach could conceivablY correspond to both the 
"same-time" and the "durina" binary time segment 
relations. Bruce has made a riecision about such' 
amblgu1t1es: 
Some synonyms for the relations are allowed, 
----------------
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e. g. "while" for "during". However, unlike 
natural language, the input languaqe for CHRONOS 
requires a unique meaning for each form. Thus, 
"while" never means "same-time" as it sometimes 
29 
does in English. 
Therefore, if already implemented, CHROMOS' temporal 
conjuntion•handler probably matches occurrences of "when" 
and "while" in input with the binary time seqment 
relations "same•time" and "during", respectively. If not 
yet implemented, that would be a consistent way to do so. 
Assuming that CHRONOS can deal with all three of the 
above-outlined forms (1. e. adverb, preposition and 
conjunction) of "before", CHRONos• ability to also handle 
verb tenses powerfully complements this function. For 
example, 
John had arrived before Mary left 
has a meanlnq minutely different from 
John arrived before Mary left. 
According to CHRONDS, the first sentence refers to 
four different times: the time of John's arrival, the 
-~----~-------~ 
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time of ~ary's departure, a reference time which is after 
John's arrival but before Mary's departure, and now. The 
second sentence refers to only three times: the time of 
John's arrival, the time of Mary's departure, and now. 
The events in the first sentence are related in time in 
the following way: 
John's arrival < reference time 
< Mary's departure < now. 
The events of the second sentence are related in time as: 
John's arrival < Mary's departure < now. 
Please note that, according to the first sentence, the 
times of John's arrival and Mary's departure may not be 
represented as a contiguous time seqment on a dateline·-
whereas, according to the second sentence, they could. 
This gap was observed bY a colleqe English major who 
was asked the difference between the meaninqs of the 
above two examples. The student said that "had" in the 
first example implies that there is some time between 
John's arrival and Mary's departure. The student went on 
to explain that she is sensitive to such subtleties 
because she also studies Russian which has only three 
tenses but uses "aspect" to express d1st1nctions s11ch as 
33 
the one between the above two examples. Her Russian 
professors constantly require their students to determine 
ditferences in meaning between Russian sentences Which 
30 
differ onlY in aspect. If grammatical forms to express 
such differences exist in major languages such as f.nglish 
and Russian and if real example sentences which 
illustrate the use of such forms also exist, then such 
differences must be worth expressing. Otherwlse, 
following Bruce•s theory of evolution of natural language 
31 
by natural· selection, such real example sentences would 
have fallen 011t of existence by now. 
32 
a e~~~~i~~a~ E~~Li~~ G~amm~ contradicts this 
idea. Rules, found in thiS grammar, for verb tense 
sequences in complex sentences suggest that 
John had arrived before Mary left 
is the grammatically ideal form of the two: ideal 
because both "had arrived" and "left" have the same time 
... -----.. --------
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(past), yet the sequence expressed by "before" is 
conformed to by using the perfect form C"had arrived") to 
express a time before that expressed by the simple form 
33 
("left"). However, Akira Ota states that "past perfect 
indicates the occurrence of an action or the existence of 
a state prior to some time i.n the past: this reference 
time will be qiven 
34 
by the context (either verbal or 
situational)." Even 
defining the perfect 
35 
the 
definition. According to 
above-cited 
tenses, concurs 
definitions of 
qrammar, in 
with Ota's 
the perfect 
tenses, then--the difference between the meaninqs of the 
above two examples, as modeled by CHRONOS, reallY exists. 
The subordinate clause "before Mary left" is the 
contextual indication of the reference time, as predicted 
by Ota•s definition. However, the above-cited grammar's 
rules for seqtJences of tenses in complex sentences imPlY 
that the meanillg of the two examples is the same, one 
being grammatically !deal. Therefore, the difference 
33 
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between the CHRONOS representations of the verb tenses in 
the above two examples is not necessarilY grammatically 
justified but does represent the subtle difference in 
meaning, which people perceive, between the above two 
examples. 
In the language of Kahn"s TIME SPECIALIST, both 
sentences would probably be represented as 
( TIME•OF' ( ALL•OF ARRIVAl,) 
(BEFORE (ALL•OF DEPARTURE))). 
There are only two times representerl in the above 
representation. Each is a time of event. Kahn claims 
that the TIME SPECIALIST makes "no attempt to deal with 
36 
what is commonly called subjective time" --which, in 
this example, is obvious. In the languaqe of the TIME 
SPECIALIST--John's arrival, Mary's departure and the 
binary time segment relation between them are the only 
times and relationships, connectinq those times, 
representable ln a sinqle representation. If these two 
events Will be compared only to each other or if more 
te~poral knowledge about at least one of them will be 
_._ .. ___________ .. __ _. 
36 
[Kahn 771, p. 89. 
36 
available when other comparisons are made, then the above 
representation contains enough of the temporal knowledge 
expressed in the English sentence which it represents. 
However••if all temporal knowledge found in the first 
English example above is to be represented, £acilitat1nq 
qreater self-sufficiency in placinq the sentence's events 
in time, then temporal information contained only in the 
tenses of the sentence's verbs <1. e., departure < "now") 
must be understood and represented too. 
CHRONOS, using its model of natural language tenses, 
can understand and represent temporal information which 
is expressed only in sentences' verb tenses. CHRONOS 
would represent 
Jonn had arrived before ~ary left 
as something of the form 
John's arrival B reference time 
R ~~ry•s departure A now. 
37 
Actually, Bruce's article does not specifY how events 
such as arrival" are stored in CHRDNOS. 
______ .., .. _.,.. ______ _ 
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Borrowinq frorn the list structure representation of the 
TI~E SPECIALIST, something of the form 
(TIME•Of (ARRIVAL (OF~JOHN)) 
(BEFORE (REfERENCE-TIME) 
(BEFORE (DEPARTURE (OF•MARY))) 
(BEFORE (NOW))) 
may be used. Further details, concerninq representation 
of non-temporal knowledae, are beyond the scope of this 
analysis. 
CHRONOS appears to be able to represent all temporal 
knowledge expressed by the verb tenses of an English 
sentence. However, there are some Enqlish sentences 
whose verb tenses rely upon context for their 
subjectivity. For example, 
John arrives before Mary leaves, 
refers to three tiroes: John's arrival, Mary's departure 
and "no~". Ttle binary ti.me relation between John's 
arrival and Mary's departure is obviously "B". However, 
the relationship of "now" to the other two times to which 
the above sentence refers is not readily evident. If the 
two events are recurring, as in 
Each day, John arrives before Mary leaves, 
38 
then their relationshiP to "now" is variable and the 
sentence makes sense. on the other hand--if the 
relationship, between the two events and "now", is 
constant and even if that constant relationshiP is 
readily evident--then there is still a bit of 
contradiction in this sentence. Consequently, in such a 
context, a sentence such as 
John arrives before Mary leaves 
sounds awkward. The contradiction is that both "arrives" 
and "leaves" are simple present tense verb forms, yet one 
refers to a time which is "before" the other. It is for 
precisely this reason that Bryant suggests that two 
different tenses (1. e. simPle and perfect), ~!thin the 
same "time" (i e. past, present or future), should be 
38 
used in a sentence such as the one above. Changing the 
sentence to 
John has arrived before Mary leaves 
resolves the contradict~on and any awkwardness. In the 
rPvision-·"has arrived", the present perfect of "to 
~------~------~ 
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arrive", refers to a time sometime "before" the time to 
which "leaves", the simple present of "to leave", refers. 
The use of this pair of tenses is consistent with the 
sequence of events expressed by the sentence. 
Even 1£ an ideal pair of tenses, such as those 
described above, is encountered-~subjective time, the 
relationshiP of "now" to the events to which the sentence 
refers, in 
John has arrived before Mary leaves 
is still 1ependent upon context. In isolation, some 
occurrences of the present tense, such as the one above, 
make little sense. One is much more likely to look out 
of a ~indow and exclaim 
~ary is leaving 
than to exclaim 
~ary leaves. 
In isolation, some verbs do make sense in the 
present tense, as in 
That makes sense 
or 
40 
He knows where to qo. 
However, other verbs in the present tense, as in 
Mary leaves 
usuallY express recurring events. Such occurrences of 
verbs in the present tense also make sense within the 
context of theatrical scripts (stage directions), 
scenarios and other kinds of stories and narratives. 
Perhaps the context is the historic past or the future. 
~n example of a future use is 
~ary's train leaves at 9 pm. 
Even though the time of the verb pair is present--the 
context dictates whether Mary has already left, is now 
leaving or Will leave later. If and how CHRONOS defines 
the subj•ctive time of present tense sentences, such as 
~arv leaves, 
39 
is not spelled out by Bruce. However, even 1£ CHRONOS 
has the ability to extract subjective time from context•• 
39 
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accordin~ to Bryant's view of ideal Enqlish, speakers and 
writers still have a tendency to create lesswthanwideal 
40 
sentences such as 
John arrives before Mary leaves. 
Therefore, according to Bryant's view of ideal English--
even if CHROHOS determin~s the sub1ective time of the 
above sentence to be one of past, present or future-· 
CHRONOS still has no way of determininq which of the two 
events described should be placed in the past, present or 
future. Because they have the same tense, Bryant would 
prabablY conclude that the two verb forms in the above 
sentence qlve no clue to this effect. 
It seems more reasonable, however--to Place both 
events in whichever time (past, present or future) that 
context dictates and not worrv about such a sentence's 
shortcomings according to Bryant's ideal. However, the 
one time in which this might be difficult is the present. 
Intuitively, one usuallY assumes that an example such as 
the one above refers to a past or future time but not to 
the present, even though it has present tense verbs. 
---~~--------~-
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Otherwise, it is awkwarn unless two different present 
tenses are used to indicate that that one of the two 
events is in the past or in the future. For example--in 
John arrives before Mary leaves, 
if the simple present tense is really meant to specifY 
present time, then John's arrival and Mary's departure 
both occur "now", even though the sentence states that 
one occurs "before" the other. Intuitively, humans 
consider any events Which take place "now" to be 
simultaneous. Therefore, this se: :ce's use to indicate 
present time is intuitively awkward. Jn the other hand--
used to indicate past or future time, the above sentence 
is intuitively acceptable, just as 
John arrived before Mary left 
ls intuitively acceptable. Because we consider the past 
and future, unlike the present, to have 1uration--even 
though both verbs are of the same tense, we do not 
require simultaneity in the past or future. In reality--
hu~an intuition in this matter is not intuition at all 
but, rather, an assumption. We assume that the present 
exists at a point in time and that the past anrt future 
1\ave a duration. An effective tlme•handlinn comPuter 
43 
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~--------.. •• 
program should also make such an assumption when 
interpreting the verb tense in such a sentence. 
Eli~lnating "present" as a possibility, CHRONOS should 
consider only past and future as possible times tor the 
sentence. 
Perhaps the best way for CHRONns to determine 
whether the use of the simple present tense, in such a: 
sentence, refers to past or future time is for it to do 
what a person would do upon hearing or reading such a 
sentence. A person would probablY either rely upon 
information from context or ask for clarification. 
Asking is easy but if the importance of the missing 
information is perceived to be questionable--a person may 
not bother to ask and, rather, just wait until the 
desirability of seeklnq the missing information has been 
established. 
Asking c•IRONOS to determine what Is worth asklnq and 
what is not adds significant complexity to the proqram, 
if it could be capable of such a task at all. Adding to 
that the capability to flll in m!ssinq informntion as 
subsequent sentences are input adds still more complexity 
to the program--although the Tl~E SPECIALIST has such a 
capability and, therefore, implementation is, indeed, 
possible. 
44 
Yet another alternative is for CHRONOS to represent 
whatever information it can glean from a temporallY 
less-than-clear sentence and to ignore the lack of 
whatever information would be available if the sentence 
were grammatically ideal. This is probably what a human 
listener or reader does. 
This alternative is attractive because it requires 
CHRONOS neither to continuallY ask questions about 
temporally less•than•clear sentences nor to contain 
complex (if not infeasible) procedures and functions to 
determine the importance of missing information and to 
update representations as subsequent sentences are input. 
After all, the purpose of CHRONOS is not to know 
everything there is to know••but, rather, to usefully 
represent temporal knowledge expressed in Enqlish 
sentences. If temporally less•than•clear verb tense 
co~binations in a compound or complex Enqllsh sentence 
obscure some possible binary time relationships between 
all events to Which the sentence could possibly refer, 
then CHRONOS may ignore what cannot be easily determined 
therefrom. Whether such obscurities are important or 
unimportant, intentional or unintentional, etc. is not 
CHRDNOS' concern. CHRONOS' mathematical model of tenses 
appears to be complete enouqh to represent ~ny tense or 
45 
tense combination which could appear in an Enqllsh 
sentence, whether or not that sentence is grammaticallY 
ideal or temporallY clear. It would be unfair to ask 
CHRONOS to make up for an input sentence's qrammat1cal 
deficiency or temporal ambiguity by fabricating 
distinctions which, as a result of these problems, are 
not readilY av~ilable. 
46 
4. Cbmpa~ative Potential· for Cbmplete Representation 
CHRONOS' mathematical model of tenses should be 
com~ended for having the potential to provide a complete 
representation of the temporal knowledqe expressed in ~ny 
English sentence. As ShoWn above, the TIME SPECIALIST 
falls short in this reqard because it deals ~1th neither 
tense nor subjective time. 
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